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INTRODUCTION

-Since 1976, three reports on oceanographic and meteorological conditions in the North !
Pacific have been produced by the NORPAX Data Program covering the period from June,
1976 through November, 1977. This is the fourth in the series, and covers the period from
December, 1977 through May, 1978. This issue contains: contour maps of monthly meaned
Fleet Numerical Oceanographic Central (FNOC) air temperature, sea temperature, wind speed,

wind direction, surface vapor pressure, and 700 mb height; NORPAX Data Management calcu-

lated wind stress, wind stress curl, wind shear velocity cubed, sensible heat flux. latent heat
flux; objectively analyzed TRANSPAC temperatures at discrete depths from White and Bern-

stein (SIO); monthly ADS buoy drifter displacement vectors from McNally (SI0).

CONTOUR MAPS

Contour maps of FNOC (Fleet Numerical Oceanographic Central) fields and calculated flux
fields are in Figures 2.1-2.11, 3.1-3.11, 4.1-4.11, 5.1-5.11, 6.1-6.11, and 7.1-7.11. TRANSPAC

contour maps are in Figures 2.12, 3.12, 4.12, 5.12, 6.12, and 7.12.

The analysis of FNOC fields and NORPAX calculated flux fields are explained in the
Appendix to this issue.
XBT's have been regularly dropped from ships of opportunity in the Pacific since 1974.

Recovered temperature profile data have been analyzed at Scripps by Bernstein and White and

temperature residuals from their anomalies were contoured for 0, 60, 120, 200, 300 and 400

meter depths, by month.

FREE DRIFTER BUOY DISPLACEMENT VECTORS

Buoy displacement vectors were plotted in Figures 2.13, 3.13, 4.13, 5.13, 6.13, and 7.13.

The buoys were drogued at 30 meters.
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FIGUREZ2.)] Absolute value of moathly mean vector wind velocities at 19.5 meters.

Contour intervals are 1 m/sec.
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FIGURE 2.3 Monthly mean wind strese is the mean of 6-hourly wind stress at 10 me&erl
calculated from FNWC wind data. . Contour intervals are 0.2 dynes/em .
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FIGURE 2.4 The vertical component of monthly mean wind stress curl is the mean of 6-hourly
wind stress curl approximated by finite-differences from 6-hourly wind stresses at
10 metery, lnlh\u,of sero curl are plotted heavily, ‘and contour intervals are
4.0 x10 ‘dynes/em’,
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FIGURE 2.5 Monthly mean wind ehear stress velocity cubed, U*~ {s the mean of &-hourly wind

shear stress velocity cube% calculated from wind speed at 10 meters. Contour
intervals are 0.02 {m/sec) .
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FIGURE &+ Monthly mean sca surface temperature 1s the mean of I2-hourly 'NWC sea s
temperaturca. Contour intervals are 1°C.
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FIGURE 2.7 Monthly mean alr temperature is the mean of 12-hourly FNWC air temperature.
Contour intervals are 2°C.
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FIGURE 28 Monthly mean 700 mb helight ts the mean of 12-hourly FNWC 700 mb heights.
Contour intervals are 25 meters.
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FIGURE 2.9 Monthly mean surface vapor pressure is the mean of 12-hourly FNWC vapor
pressure at 19,5 meters. Contour intervals are ! mb,
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FIGURE 210 Monthly mean sensible heat flux (ocean to atmosphere} (s the mean of 12-hourly 1
sensible heat flux calculated from FNWC air and sea temperature and wind
using a bulk (urmull._‘hollnrl f( zero heat flux are plotted heavily, and contour ¥

{ntervals are 1.0 x 10 cal/cm” sec.
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FIGUREZ.11 Monthly mean lstent heat flux {(ocean to atmosphers ) is the mean of 12-bourly
latent heat flux calculated from FNWC sea temperature, vaper pressure and
wind using & bulk formula. 1.3“" of sqro heat flux are plotted heavily, and
coateur intervale are 0.5 x 10 cal/cm  eec.

190 200 210 220




(0T Tevtum e Ag o peredaad) 10 UL w4e guswsadul " sdouap

LXK OVASHVEL S 30 suoTatsod ould Havu €48$C10 oyl CATTAERSY umeap

AV ATUROUR 0197 3O SuUT10S T PUL polhyoity 3Xe Sealu AlRUOUR oAT3vheN
*syadep pex13 3L painojuos (D) SSTTPWOUR sinjeIadwaz ATYjuoy 21t HANa014

(3 37 1LOND)
06l _ 081

v

(N) 3aLiLVT
(N 30y

081

> Lot —_—
N h Al p 3 3
. ' ¢ MA
L LSRN -
EES v .
- ) . + *
. .
. N S .
W N . .

poe

e

X .
R

IN) 30111V
AN

Vs
r T
- La
4 .
VL -
c: :
& <
2 =
z :

, ~
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FIGURE Z./% Monthly buoy tracks. Tracks are drawn from starting point
at beginning of month to terminal point at end of month.
Ratio of latitude to longitude is the same as in other
figures.
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FIGURE 371 Absolute value of monthly mean vector wind velocities at 19.5 meters.
Contour intérvals are 1 m/ssc.
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FIGURE3.2 Dircction arrows representing directions of monthly mean wind vectors at 14.5
meters. Length of arrow shaft indicates wind speed in m/eec. (Sce scale abuve
figure).
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FIGURE J.3 Monthly mean wind stress is the mean of 6-hourly wind stresa at 10 meters
calculated from FNWC wind Yata. Contour intervale are 0.2 dynes/cm?.

CURL OF WIND STRESS (1@%x-3 DYNES/CMxx3)

: kék”‘fiﬁ

Y
b et

-/
Ll A
P20 T80 140 150 180 70 180 190 200 210 20
LONGITUDE (E)
FIGURE 3.4 The vertical component of monthly mean wind stress curl is the mean of 6~hourly
wind stress curl approximated by finite-diffcrences from 6-hourly wind stresses at

10 mctenw. holﬁnelso! zero curl are plotted heavily, and contour intervals are
4.0x 10 ‘dynes/cm”,
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FIGURE 3.5 Monthly mean wind shear stress velocity cubed, U*” {s the mean of 6-hourly wind

shear stress velocity cubedj calculated from wind speed at 10 meters. Contour
intervale are 0.02 (m/see) .
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FIGURE 9.6 Monthly mean sea surface temperature is the mean of 12-hourly FNWC sca surtace
temperatures. Contour intervals are 1°C.
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FIGURE 3.7 Monthly mean air temperature is the mean of 12-howely FNWC air temperature.
Contour intervals are 2°C,
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FIGURFE 3,8 Monthly mean 700 mb height {a the mean of 12-hourly FNWC 700 mib heights,
Contour intervals are 25 meters.




LATITUDE (N

LATITUDE (N;

s o A S Pp——" e ot

VAPOR PRESSURE (MB) JAN 8

> E‘ ]
}S
220 T30 140 150 B0 T TR STST STt

LONGITUDE (E)

FIGURE 3.9 Monthly mean surface vapor pressure is the mean of 12-hourly FNWC vapor
pressure at 19. 5 meters, Contour intervals are ! mb,
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FIGURE.3 10 Monthly mean sensible heat fiux (eessn to wtenosphere) {8 the mean of 12.hourly
sensible heat flux calculated from FNWC alr and sea temperature and wind
using a bulk formull._}'ollnu #! meroc heat flux are plotted haavily, and consour
intervale are 1.0 x 10  cal/em  sec.
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FIGURER1l Monthly mean latent heat flux {ecean to atmosphere ) {8 the mean of 12-hourly
latent heat flux calculated.from FNWC sea temperature, vapor pressure and
wind using a bulk formulas. “ho}ine of zqro heat flux are plotted heavily, and
contoyuy intervals are 0.5 x 10 cal/em” sea.
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FIGURE 2.13 Monthly buoy tracks. Tracks are drawn from starting
point at beginning of month to terminal point at end of
month. Ratio of latitude to longitude is the same as in
other figures.
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FIGURE ¢.l Absolute value of monthly mean vector wind velocities at 19.5 meters.
Contour intervals are 1 m/sec. .
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FIGURE 4.2 Direction arrows representing directions of monthly mean wind vectors at 19.5
metera. Length of arrow shaft Indicates wind speed in m/sec. (See acale above
figure).
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FIGURE# .3 Monthly mean wind stress is the mean of 6-hourly wind stress at 10 metera
calculated from FNWC wind data. Contour intervals ase 0.2 dynes/cm™.
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FIGURE #.4 The vertical component of monthly mean wind stress curl is the mean of 6-hourly
wind stress curl approximated by finite-differences from 6-hourly wind stresees at
10 meter_s. I.ollnu,o( sero curl are plotted heavily, ‘and contour intervals are
4.0 x 10 ‘dynes/cm”,
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FIGURE *.9 Monthly mean surface vapor pressure is the mean of 12-hourly FNWC vapor
pressure at 19.5 meters. Contour intervals are 1 mb,
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FIGURE% 10 Monthly mcan rensible heat flux {vcean to atmospherc) (a the mean of 12-hourly
acnsible heat flux calculated from FNWC atr and sea temperature and wind
uaine A bulk formaula, Inulmclfr rero heat flux arc plottrd heavily, and contour
intervale are 1.Ox 10  cal/em wsecc.
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FIGURE!/. 11 Monthly mean latent heat flux (ocean to atmosphere ) {s the mean of 12-hourly
latent heat flux calculated from FNWC sea temperature, vapor pressure and

wind using a bulk formula, l-o&tne of zero heat flux are plotted heavily, and
contour intervals are 0.5 x 10 cal/em™ sec.
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FIGURE ?.ﬂ Monthly buoy tracks. Tracks are drawn from starting
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FIGURES.I Absolute value of monthly mean vector wind velocities at 19.5 meters.
Contour intervals are 1 m/sec.
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FIGURES.3 Monthly mean wind stress is the mean of 6-hourly wind strese at 10 meters
calculated from FNWC wind data. Contour intervals are 0.2 dynes/cm’.
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FIGURE 5.4 The vertical component of monthiy mean wind stress cur! (s the mean of §-hourly
wind stress curl approximated by finite-differences (rom b6-hourly wind stresses at
10 rnetel:'# lloltnel,ol zero curl are plotted heavily, and contour intervals are
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FIGUREX.9 Monthly mean surface vapor pressure is the mean of 12-hourly FNWC vapor
pressure at 19.5 meters. Contour intervals are 1 mb,
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FIGURES 10 Morthly mean sensible heat {lux (ocean to atmosphere) is the mean of i2-hourly
senaible heat flux calculated from FNWC air and sea temperature and wind
using a hulk formula. Jsolines f! zero heat flux are plottesd hcavily, and contour
intervals are 1.0 x 10~ cal/em  sec.
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FIGURE 5.3 Monthly buoy tracks. Tracks are drawn from starting
point at beginning of month to terminal point at end of
month. Ratio of latitude to longitude is the same as in
other figures.
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Abasolute value of monthly mean vector wind velocities at 19.5 meters.
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FIGURE £.3 Monthly mean wind stress is the mean of 6-hourly wind stress at 10 metere
calculated from FNWC wind data. Contour intervals are 0.2 dynes/cm .
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FIGURE 6.4 The vertical component of monthly mean wind strese curl is the mean of 6-hourly
wind strces curl approximated by finite-differences from b-hourly wind stresscs at
10 meter_s. holincl,ol zero curl are plotted heavily, ‘and contour intervals are
4.0 x 10 ‘dynss/em”,
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FIGURE ‘.5 Monthly mean wind shear strese velocity cubed, U*™ is the mean of 6-hourly wind
shear atress velocity cube$ calculated from wind speed at 10 meters. Contour

intervals are 0,02 (m/sec) .
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FIGURE ‘.6 Monthly mean ses surface temperature is the mean of 12-hourly FNWC gea surface
temperatares. Contour intervals are 1°C.
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FIGUREG .7 Monthly mean air temperature is the mean of 12-hourly FNWC air temperature.
Contour intervale are 2°C.
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FIGURE .8 Monthly mean 700 mb height is the mean of 12-hourly FNWC 700 mb heights.
Cantour intervals are 25 meters.
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FIGURE €.9 Monthly mean surface vapor pressurc is the mean of 12-hourly FNWC vapor
pressure at 19.5 meters. Contour intervals are 1 mb.
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FIGURE@.10 Monthly mean sennible heat flux {ocean to atmosphere) is the mean of 12-hourly
sarnsible heat flux calculated from FNWC air and sea temperature and wind
ueing a halk furmu!a._énulmvu }ﬂ' zero heat flux are plotte-d heavily, and contour
intervaln are 1.0 x 10~ cal/em sec
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FIGUREE.11 Monthly mean latent heat flux (ocean to atmoasphere ) is the mean of 12-hourly

latent heat flux calculated from FNWC sea temperasture, vapor pressure and

wind using a bulk formula. Iso}ine of zero heat flux are plotted heavily, and :

contour intervals are 0.5 x 1077 cal/em” sec. ¢
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FIGURE €.!% Monthly buoy tracks. Tracks are drawn from starting point
at beginning of month to terminal point at end of month.
Ratio of latitude to longitude is the same as in other
figures.
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FIGURE 7.1 Absolute value of monthly mean vector wind velocities at 19.5 meters,
Contour intervals ara 1 m/sec.
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FIGURE 7.2 Direction arrows representing directions of monthly mean wind vectora at 19,6
meters. Length of arrow shaft indicates wind spreed 1n m/ser. {See neale above

figure).
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FIGURE 7.3 Monthly mean wind stress is the mean of 6-hourly wind strese at 10 meters
calculated from FNWC wind data. Contour intervals are 0.2 dynes/cm ™,
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FIGURE 7.4 The vertical component of monthly mean wind strees curl is the mean of 6-hourly
wind strese curl approximated by finite-diffcrences from 6-hourly wind stresscs at
10 me!u:y holinu,ol sero curl sre plotted heavily, and contour intervals are
4.0 210 "dynes/em’,




U STAR CUBED ((M/SEC) »+3) MAY /3

60

S0

40 ' LD

LATITUDE (N)

(o /7 Ty

2P i e r' - 1 - r
0 U 140 150 1eC 170 180 130 20U 210 220
LONGITUDE (E) '
FIGURE 7.5 Monthly mean wind shear stress velocity cubed, l.l‘3 {e the mean of 6-hourly wind
shear stress velocity cubecs calculated from wind speed at 10 meters. Contour
intervals aré 0.02 (m/sec)”.
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FIGURE 7.6 Monthly mean sea surface temperature is the mean of 12-hourly FNWC sea surface
temperaturcs. Contour intervals are 1°C.
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FIGURE 7.7 Monthly mean air temperature is the mean of 12-hourly FNWC air temperature.
Contour intervals are 2°C,
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FIGURE 9.8 Monthly mean 700 mb helght is the mean of 12-hourly FNWC 700 mb heights.
Contour intervals arc 25 meters.
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FIGURE 7.9 Monthly mean surface vapor pressure is the mean of 12-hourly FNWC vapor
pressure at 19.5 meters. Contour intervals are 1 mb.
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FIGURE 7.10 Monthly mvan sensible hcat flux (occan to atmosphcre) (s the mean of 12-hourly
scnsible heat {lux calculated from FNWC air and sca temperature and wind

using a bulk formula._‘laohm-l ff zero heat flux are plotted heavily, and contour
intervals are 1.0 x 10 ~ cal/cm  sec.
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FIGURE?.11 Monthly mean latent heat flux (ocean to atmosphere ) l# the mean of 12-hourly r
latent heat flux calculated from FNWC sea temperature, vapor pressure and
wind using & bulk formuls. .Isojine of tgro heat flux are piotted heavily, and
coatour intervals are 0.5 x 1077 cal/cm” sec.
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APPENDIX. Analysis Procedure

Since some revisions have been made in the calculation of curl of wind stress, and since it
has been some time since the publication of ADS Report Number 1. which contained a com-
plete outline of the analysis procedure, this appendix is included in this report.

FNOC data were taken from 63 x 63 polar gridded fields of 6-hourly wind speed and direc-
tion, and 12-hourly 700 mb height, sea surface temperature, air temperature, and vapor pres-
sure. The wind at a ten meter height above sea level was estimated from FNOC 19.5 meter
winds by an iterative scheme using the neutral flux-profile relationships obtained by Businger et
al. (1971). Wind stress was calculated from FNOC wind speed and direction using a bulk aero-
dynamic equation:

=—puw = pCyU} (A1)
where
T = surface stress (dynes/cm?®)

W = Reynolds stress, (m?sec™?)
3

p = air density = 1.2923x107° g/cm
Uyo = wind speed at 10 m (cm/sec)
C/ = ].3)(10—3

The drag coefficient C; was found by Smith and Banke (1975) for U,y = 10 m/sec. Verti-
cal component of wind stress curl was calculated on the FNOC northern hemispheric grid using
polar projection mapping and finite difference approximations.

The vertical component of wind stress curl is,

1 [ 9(r,sing) i

R siné 30 0 (A.2)

Fecurlt =

where # and ¢ are co-latitude and east longitude in polar coordinates, respectively, and r is
wind stress, R is the Earth’s radius, and 7 is a unit radius vector.

A finite differencing method will be used to estimate this equation. However, since the
data resides on a polar stereographic grid, a finite differencing scheme must be expressed in
terms of polar stereographic coordinates, and then related to co-latitude and longitude using




the chain rule. The finite differences are:

[998
6-6—{- = ToLlﬂ‘l/(CiH—glwl) (A3)

"”'/2 i=1,63

_a_g = TOL}H/("IJ+| —Nj-1) (A4)
= rol,,”‘/Z,J%] 63

3 (r,sing)

oL = T.ASinULE,'fl'/ €ir1—L,-1) (A9)

= r,,,sin9|f,"l‘/2;i=1, 63

3 (T d,sine)

ST = rgsingly Y 1) (A.6)
= rysing|[V"1/2;~1,63

where {(6,¢) and (9, ¢) are the abscissa and ordinate grid axes of the 63 x 63 polar stereo-
graphic grid.

The partial derivatives may be calculated for the polar stereographic mapping equations:

12
¢ = 32+31.205 ‘—1@% sin ($+80); i=1, 63, (A7)
= 32-31.205 i +“":] -cos ($+80); j=1,63, (A.8)
and the partial derivatives of { and 7 with respect to ¢ and ¢ are:
12
o9 _ l1—cosq | .
99 31.205{———— Trcoso cos (p+80) (A.9)
172
9n _ l—cos@| .
3¢ 31.205 TFcose Tosd sin (¢+80) (A.10)
14 1—cos@ v sing
== . i i ]
00 31.205 1+cos8 (14+cos9)? sin (¢+80) (A1)
12
o _ 1—~cos@ .___sinf
96 31.205 1+cos0] (14cos@)? cos (¢+80) (A12)

The vertical component of the wind stress curl can then be estimated, using equations A.2
through A.12, as:

R 15.6025 | 1—cos@,; «.sin ($+80)
. = ! 13
Freurlt Rsing;, 1+cos0,,] b smo‘( sing [/ (A1)
1 singl €05 (¢+80) |
¢ ~t sing [/

—r,,Lc"fl' cos (¢+80) L__,—rok'f:"sin (¢+80) l B




Sensible heat flux (cal/cm*sec) was obtained using an empirical bulk formula (Friehe and
Schmitt, 1976):

SHF =pCl0.2+C, Uy (T,—T)) (A.14)
where

C, = 0.24 cal/gm°C

G, =091x10 °

T, = sea surface temperature
T, = (10 meter) air temperature

The latent heat flux (cal/cm?sec) was also calculated from a bulk formula (Friehe and
Schmitt, 1976):

LHF = L-C.-UjlQu—Q] (A.15)
where

L = 595 cal/gm (heat of evaporation)

C, =1.32x10°3

Q = 0.75-(EAIR (gm-m™>) = FNOC vapor pressure)

Qe = 1.667x10 Tpe! O T 2Ty

Stress, stress-curl and U? fields were calculated at 00z, 06z, 12z ; heat fluxes were calcu-
fated for 00z and 12z every day. These calculated fields were then averaged to obtain daily, 5-
daily, and monthly vector means of wind speed and direction. Monthly means were contoured
over the region of the North Pacific from 120E to 230E and 20N to 60N.




MANADATORY.DISfRIBaTION LIST
FOR UNCLASSIFIED TECHNICAL REPORTS, REPRINTS & FINAL REPORTS
PUBLISHED BY OCEANOGRAPHIC CONTRACTORS
OF THE OCEAN SCIENCE AND TECHNOLOGY DIVISION
OF THE OFFICE OF NAVAL RESEARCH

(Revised July 1978)

Department of Defense

Office of the Secretary of Defense (3)
Assistant Director of Defense Research

* & Engineering

Washington, D.C.

" Navy

Office of Naval
Code 460
Arlington, VA

Office of Naval
Code 480
Arlington, VA

Office of Naval
Code 102 B
Arlington, VA

Office of Naval
Code 102 DI
Arlingcon, VA

Office of Naval

20301

Research (3)
22217
Research
22217
Research
22217
Research (6)
22217

Research

Commanding Officer
1030 East Green Street
Pasadena, CA 91101

Naval Ocean Research & Development
Activity

NORDA, Code 300

NSTL Station

Bay St. Louis, MS 39529

Naval Research Laboratory (6)
Library, Code 2620
Washington, D.C. 20375

U.S. Naval Oceanographic Office
Library, Code 8170

NSTL Station

Bay St. Louis, MS 39529

Other Government Agencies

Defense Documentation Center (12)
Cameron Station 1
Alexandria, VA 22314

National Oceanic & Atmospheric '

Administration 5
National Oceanographic Data Center f
Washington Navy Yard $
Rockville, MD 20852 '




